Microheterogeneity of erythropoietin carbohydrate structure.
The microheterogeneity of the carbohydrate structures on recombinant human erythropoietin (rHuEPO) expressed in Chinese hamster ovary cells has been evaluated by electrospray ionization (ESI) mass spectrometry (MS) of glycopeptide fragments. The microheterogeneity is largely associated with the presence or absence of terminal N-acetylneuraminic acid (Neu5Ac) residues, varying amounts of O-acetylation of the Neu5Ac residues, and the presence or absence of N-acetyllactosamine extensions. The N-linked carbohydrate structures were structurally diverse; 52 different N-linked oligosaccharide structures were identified. Consistent structural assignments could be made from data obtained using different proteolytic digests, ESI solvent systems (aqueous/methanol systems with acetic or formic acid), and on-line or off-line LC/MS analysis. All glycosylation sites exhibited some level of O-acetylation of Neu5Ac residues. Interestingly, glycosylation site asparagine-83 exhibits mono-O-acetyl and di-O-acetyl Neu5Ac residues, while the other sites, asparagine-24, asparagine-38, and serine-126, exhibit mainly mono-O-acetyl Neu5Ac derivatization. This difference in O-acetylation may be site specific or due to sample handling of labile structures. However, mild base treatment of rHuEPO with NaOH on ice removed the O-acetyl groups associated with a given carbohydrate structure, without adversely affecting the underlying oligosaccharide structure, resulting in a simplified mass spectra. Nuclear magnetic resonance spectroscopy of Neu5Ac residues released by neuraminidase treatment of total rHuEPO indicated that Neu5,9Ac2 residues were present. Additional resonances were also observed that were consistent with other Neu5Ac O-acetyl linkages; these O-acetyl resonances could be removed by mild base hydrolysis of rHuEPO.